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 Abstract 
  Aim:   We aim to analyze if there is any correlation between suboptimal home-/self-measured 
blood pressure values and the results from neuropsychological screening tests for early cogni-
tive impairment.   Methods:   We studied 325 patients with treated hypertension. Mean age was 
66.12 (  8  10.1) years. There were 119 (36.6%) male and 206 (63.4%) female patients, among them 
52 (16%) with atrial fibrillation. Neuropsychological tests performed were the Mini-Mental State 
Examination, Montreal Cognitive Assessment, and Hachinski Ischemic Score; additionally, 
home-measured blood pressure was used.   Results:   There is a nonlinear age- and risk factor-
dependent correlation between early stages of cognitive impairment and suboptimal home-
measured blood pressure.   Conclusion:   The use of specific and sensitive neuropsychological 
tests for early cognitive impairment in patients with suboptimal home-measured blood pres-
sure is effective in the everyday practice.    Copyright © 2012 S. Karger AG, Basel 
  Cognitive impairment is an emerging social problem. According to the World Health 
Report of the WHO (World Health Organization), it is a significant part of the health burden 
for modern populations with approximately 29 million registered to suffer from dementia, 
of which Alzheimer’s disease is predominant and vascular cognitive impairment is second 
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in frequency. There is an exponential growth of the number of cases above the age of 60 years, 
and the world’s morbidity is expected to reach 80 million by the year 2025   [1]  . As some na-
tional recommendations advice, we should suspect cognitive impairment only if there is a 
history of self-reported decline or a decline observed by relatives or friends in occupational, 
social, or day-to-day functional status   [2]  . But at the time when a person or his/her relatives 
or caregiver suspects some stage of cognitive impairment on the basis of impaired daily liv-
ing or communication, it will be too late for primary prevention. There are two reasons for 
this: the first is the continually rising age of the population and the second is the high fre-
quency of cognitive impairment progression towards dementia   [3, 4]  . The idea of the ‘brain 
at risk’, i.e. the mere presentation of cardio-vascular risk factors, comes in accordance with 
the need for timely prophylaxis   [5]  . The strength and direction of a correlation between vas-
cular risk factors, especially hypertension and cognitive impairment, is a matter of long-
standing debate   [6]  . Hypertension is the leading risk factor for dementia. On the one hand, 
hypertension is a major health problem both in the young and in the elderly and, on the 
other hand, the risk for developing hypertension in the 60-year-olds during their remaining 
life according to the Framingham study is 90%   [7]  . Even though 87% of the patients are on 
combination therapy, target office blood pressure (BP) control ( ! 140/90 mm Hg) is achieved 
in 27.1% only, the corresponding control rate for ambulatory BP (  !  130/80 mm Hg) being 
35.7%   [8] .
    There are conflicting data on the correlation between BP and cognitive impairment. In 
2005, Cacciatore et al.   [9]   proposed a U-shaped curve for the cognitive impairment mortal-
ity rate, i.e., very high and very low diastolic BP values were associated with an added rela-
tive mortality risk. The hypothesis of a U-shaped curve was revived in the results from the 
ACCORD trial   [10]  , but what is exactly the case with cognitive impairment is an unresolved 
problem, as are the target values for cognitive impairment protection. The correlation be-
tween BP and cognitive impairment is much more complicated than expected and surely not 
linear as we would prefer it to be.
    Our team recognizes the need for effective screening for early cognitive impairment in 
a population with cardiovascular risk factors. We use the term ‘early cognitive impairment’ 
as a collective one for all those cases with mild cognitive impairment (at risk for progression 
towards Alzheimer’s disease), for vascular cognitive impairment/no dementia (at elevated 
risk for vascular dementia development), and for patients with clinical signs that may lead to 
progression to mixed dementia. There are sufficient data to suggest that hypertension and 
its variables are major risk factors for both vascular dementia and Alzheimer’s disease. So, 
we do not focus on the specific type of early cognitive impairment but rather try to establish 
the need for early cognitive impairment screening in certain risk groups without clinical 
evidence for developed dementia and impaired daily functioning. Our aim is to define 
the patients at risk and to emphasize the need for prevention from progression towards de-
mentia.
  We are in search of easily administered, time-saving, cost-effective and yet sensitive and 
specific enough screening tools for early cognitive impairment detection in the everyday 
clinical practice. Here, the term early cognitive impairment has been used throughout. The 
reason for this is that during our screening, we assessed and screened for both mild cognitive 
impairment and early vascular cognitive impairment, as well as mixed-type cognitive im-
pairment. There are sufficient data to support the understanding of a significant contribu-
tion of vascular risk factors (mainly hypertension or hypotension) to the pathogenesis and 
progression to both Alzheimer’s disease and vascular dementia, as well as mixed-type de-
mentia.
    The main purposes of this preliminary screening stage of the study are:
  (1) Is there cognitive impairment in treated hypertensive people with suboptimal BP control? 114
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  (2) Are there other factors that affect cognitive impairment in combination with hyperten-
sion? 
  (3) Is there any early screening tool that is effective, specific, and sensitive enough to raise 
any suspicion for early cognitive impairment in patients with risk factors? 
  (4) What is the role of home-measured BP in early cognitive impairment detection? 
  Patients and Methods 
 We used specific and sensitive neuropsychological tests for screening of treated hyperten-
sive patients for cognitive impairment. The population consisted of patients with a history for 
arterial hypertension. The majority of the patients were on combination therapy at the time 
of the screening. For every patient, we acquired full medical history, especially hypertension 
history (including duration, treatment, treatment duration, maximal values, usually mea-
sured values, frequency of hypertensive crises, familial history of hypertension, factors that 
may lead to secondary hypertension, and hypotension crises). All of the patients had a thor-
ough physical examination and basic laboratory screening. Recent data suggest that home-
measured BP might be more reliable in the detection of elevated BP and poor control than 
office BP, as it provides a more precise initial diagnosis and a more accurate titration of drug 
treatment. There are relatively few results using this type of measurement, although home-
measured BP is very important. Detection of elevated BP during self-measurement is the most 
common incentive to seek medical consultation. Hypertension treatment is tailored to self-
measured values, and this is the method which enables the patient to assess the success of 
treatment and in turn search medical support or not. Above all, home-measured BP is a rela-
tively precise method, provided that patients are educated how to do it properly. These are the 
reasons why we decided to utilize home-measured BP in our study rather than office BP. Pa-
tients were instructed how to measure their BP properly and in accordance with the European 
recommendations, and the use of validated upper-arm monitoring devices was strongly rec-
ommended  [12] . The patients were asked to report the values of their self-measured BP during 
the following visits. They should not have smoked and should not have had a meal or per-
formed physical exercises 30 min before measurement. They were instructed to first sit com-
fortably for at least 5 min, with legs uncrossed and at normal temperature, with their back 
supported. The arm at which the measurement is to be taken should be supported at heart 
level. Only validated semi-automated or automated oscillometric (electronic) arm cuff devic-
es were recommended to patients. Measurement should be taken with proper cuff size. Initial 
measurements included two measurements in the morning (before drugs intake) and two in 
the evening (before eating) every day for a week. The threshold level is 135/85 mm Hg   [13]  .
    We used a battery of neuropsychological tests to assess cognitive function in hyperten-
sive patients, namely the Mini-Mental State Examination (MMSE) and the Montreal Cogni-
tive Assessment (MoCA). The MMSE is a universally accepted neuropsychological tool that 
is used as a gold standard in the majority of the dementia trials. It is a validated and power-
ful tool for diagnosis in the advanced stages of cognitive impairment, but quite insensitive 
to the subtle changes in executive functioning in early/mild cognitive impairment. Cognitive 
areas tested with MMSE are: orientation, registration, attention, calculation, recall, language, 
repetition, memory, three-stage command, reading, writing, visual-spatial functions, and 
drawing/copying. A cutoff threshold of 24 points was used to define cognitive impairment. 
The lower sensitivity for early/mild cognitive impairment of the MMSE prompted us to in-
clude another, more specific test for these particular stages, namely the MoCA. The MoCA 
was translated into Bulgarian for the first time by our team and published on the official 
MoCA site. It was used in this study with the kind permission of its creator. This is a 10-min 115
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test with a maximal score of 30 points and a cutoff threshold of 26 points. It was developed 
as a compilation of neuropsychological tests with emphasis on frontal executive functioning 
and attention. This is the reason for its sensitivity for non-Alzheimer dementia. In patients 
with an MMSE score between 24 and 30, in whom there is still suspicion for cognitive im-
pairment, MoCA is a powerful tool for its detection   [14, 15]  . Cognitive domains that are fo-
cused on in MoCA are: attention and concentration, executive functions, memory, language, 
visuo-constructional skills, conceptual thinking, calculations, and orientation. MoCA is a 
kind of neuropsychological tests compilation: alternating trial making test (modification of 
B-variant), cube-drawing and clock-drawing (visuo-constructional skills), naming, memory, 
forward digit span, backward digit span, vigilance, serial seven-s (attention testing), sen-
tence-repetition, verbal fluency adapted for Bulgarian language (letter M used), abstraction, 
delayed recall (along with cues to differ retrieval from encoding deficits), and orientation. 
Both neuropsychological tests (MoCA and MMSE) were validated for the Bulgarian popula-
tion, and a fairly good correspondence between the test results and the clinical state was 
found. The tests were conducted by the investigator with at least a 1-hour time interval be-
tween the applications of both, in private and in quiet surroundings, after thorough explana-
tion to the participant of the aim of the study, the specifics of the test to be done, and after 
preliminary signed informed consent for the participation in a scientific study. Hachinski 
Ischemic Score was used to assess the risk for vascular origin of dementia   [6, 16]  . This is a 
simple clinical tool used to discriminate between types of dementia (primary degenerative 
dementia:   !  4 points, vascular or multi-infarct dementia:   1  7 points, mixed type dementia: 
4–7 points). Some studies have assessed its validity, and it demonstrated good sensitivity and 
specificity in defining degenerative or vascular dementia. But its use in the early stages of 
cognitive impairment has not been widely tested.
  Study  Population 
 In everyday practice, it is almost impossible to find patients with isolated cardiovascular 
risk factors, especially when considering the elderly population. There is a clear tendency for 
cardiovascular risk factors to cumulate with the leading role of arterial hypertension. The 
study population consists of 325 patients from all over Bulgaria, all of whom had arterial hy-
pertension of variable duration. All patients received medical therapy for BP control, and the 
majority of them were on combination therapy. Inclusion criteria were patients with known 
and treated hypertension. In the presence of atrial fibrillation optimal anticoagulation at the 
time of hospitalization was a prerequisite. Exclusion criteria were: (1) diagnosed Alzheimer’s 
disease, Parkinson’s disease, and other forms of dementia; (2) acute de-compensated or 
chronic renal failure stage II and III, and end-stage renal disease; (3) liver failure; (4) de-
compensated hypothyroidism or hyperthyroidism; (5) poorly controlled diabetes mellitus; 
(6) history of extracorporeal circulation; (7) history of coma, serious head trauma, epilepsy; 
(8) antidepressants/antipsychotics, and (9) atrial fibrillation with poor anticoagulation.
    Characteristics of the Study Population 
  The study population (  table 1  )     consisted of 119 (36.6%) males and 206 (63.4%) females, 
52 (16%) had atrial fibrillation on anticoagulation therapy, 89 (27.4%) had dyslipidemia, 160 
(49.2%) were on treatment for diabetes mellitus or impaired glucose tolerance, 41 (38.2%) had 
fully compensated renal disease (creatinine clearance   1  60 ml/min), and 30 (9.2%) had treat-
ed and compensated thyroid dysfunction.
    Data Analysis and Statistics 
  The threshold for home-measured BP was chosen in accordance with the ESC and ESH 
recommendations for home-measured BP, namely 135/85 mm Hg independently of any con-116
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comitant diabetes and renal disease   [17]  . SPSS was used for data analysis. We found that the 
self-reported rate of suboptimal BP control in treated hypertensive patients was 65.62%. Mann-
Whitney nonparametric statistical analysis was used to assess if there is any statistically sig-
nificant difference (      !   0.05) between the mean values of the neuropsychological test results.
    Comparison of the mean values of neuropsychological test results in patients with opti-
mal and suboptimal BP control without considering age (  fig. 1  ) showed that there was no 
significant difference between neuropsychological test results of the two groups. In the group 
with suboptimal control the mean value for MMSE was 27.27 (  8  2.78) points, for MoCA 
23.67 (  8  3.76) points, and for Hachinski 2.44 (  8  1.78) points. In the group with optimal con-
trol the values were MMSE 27.40 ( 8 2.856) points, MoCA 24.00 ( 8 4.05) points, and Hachin-
ski 1.96 (  8  1.53) points. This means that we could not draw conclusions for the group as a 
whole without considering other factors. If we considered only the patients without atrial 
fibrillation, the results were corresponding, namely there was no significant difference be-
tween the neuropsychological test results between the groups with suboptimal and optimal 
BP control and sinus rhythm.
    A n a l y s i s  s h o w e d  s i g n i f i c a n t l y  (      !   0.5) lower neuropsychological test results in patients 
with atrial fibrillation (MoCA 23.67 points, MMSE 27.27 points, and Hachinski 2.44 points) 
compared with those without atrial fibrillation (MoCA 24.0 points, MMSE 27.4 points, and 
Hachinski 1.96 points;   fig. 2  ).
    Additionally, we studied the population by age. We found that there is a clear tendency 
for the neuropsychological test results, respectively cognitive impairment, to decline with 
age for patients with suboptimal BP control (  fig. 3  ). This tendency is obscured above the age 
of 80 years. Analogous results could be observed for the whole study population as well as 
for the selected patients without atrial fibrillation.
    Regression analysis shows that there is a medium-strength positive correlation between 
age and BP values and neuropsychological test results ( table 2 ). This means that, with advanc-
ing age, too low a BP may not be as positive as it was considered previously. The question about 
the precise threshold value both for age and for BP remains still an open issue of debate.
Subjects, n 325
Age, years 66.12810.10
Hypertension history, years 13.26811.26
Systolic BP, mm Hg 141.45818.45
Diastolic BP, mm Hg 85.51811.17 
Table 1.   Characteristics of the 
study population
  Fig. 1.   Differences in the neuropsychological test 
results between the groups with optimal and sub-
optimal BP control. HIS = Hachinski Ischemic 
Score. 117
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    We also found that there is a significant (      !   0.5) difference between the mean values of 
the neuropsychological test results of the groups with concomitant and without concomitant 
risk factors in the patients with suboptimal BP control (  fig. 4  ). Analogous results can be ob-
served for the selected patients without atrial fibrillation. The risk factors that showed a sig-
nificant correlation with cognitive impairment were diabetes mellitus or impaired glucose 
tolerance and history of renal disease. Patients with diabetes and/or a history of renal disease 
had a significantly (      !   0.5) poorer presentation on neuropsychological tests (MoCA 22.47 
points, MMSE 26.85 points, and Hachinski 2.85 points) than their healthier counterparts 
without these risk factors (MoCA 24.41 points, MMSE 27.74 points, and Hachinski 2.09 
points). Other factors, such as compensated thyroid dysfunction, seemed to play a minor role 
in cognitive impairment as long as they were fully compensated.
  C o n c l u s i o n  
  Hypertensive patients with atrial fibrillation are at a higher risk for cognitive impair-
ment despite optimal coagulation therapy at the time of testing. There is a correlation be-
  Fig. 2.   Comparison of neuropsychological test re-
sults between the groups of hypertensive patients 
with atrial fibrillation (afib) and hypertensive pa-
tients without atrial fibrillation. HIS = Hachinski 
Ischemic Score. 
  Fig. 3.   Neuropsychological test results by age inter-
vals in the whole study population. HIS = Hachin-
ski Ischemic Score. 
Factors MoCA correlation 
coefficient
MMSE correlation 
coefficient
Age/SBP 0.362 0.360
Age/DBP 0.361 0.368
Table 2.   Strength and direction 
of the correlation between
neuropsychological test results 
and BP values in combination 
with age118
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tween suboptimal home-measured BP and early stages of cognitive impairment. The result 
is age dependent. Patients with concomitant risk factors such as diabetes and renal disease 
are at an increased risk for cognitive impairment. Cognitive decline is dependent on multiple 
factors. Suboptimal BP control in the very elderly is not correlated with an added risk of cog-
nitive impairment above the age-related risk.
  Discussion 
  A home-measured BP that is not in the recommended range is an important vascular 
risk factor for cognitive impairment in the young, but not in the elderly. It is important to 
consider both, age and hypertension, especially when screening for early cognitive impair-
ment. Most of the neuropsychological tests do not account for age and education. Our team 
suggests that age be included in neuropsychological tests. Recommended BP should vary ac-
cording to age. BP acts in combination with other factors on cognitive impairment. Some 
treatments may have a protective role against cognitive impairment in certain risk groups, 
although further studies are needed. The use of highly specific and sensitive neuropsycho-
logical tests for the early diagnosis of cognitive impairment in patients with home-measured 
BP above the recommended range is an effective screening tool in the everyday practice.
  Future  Directions 
  The team is currently working on: (1) the development of a time-sparing and easy-to-
administer score system for cognitive impairment risk assessment in everyday practice; (2) 
finding BP thresholds that are age and risk factor specific, and (3) elucidating the protective 
effect of hypertensive treatment of early cognitive impairment according to the cardiovas-
cular risk profile. 
  L i m i t a t i o n s  
  A major limitation of our study is the lack of neuroimaging modalities – at best MRI 
imaging. We recognize the need to correlate the clinical findings with a specific brain local-
ization. Along with this, neuroimaging might provide us with important clues on the spe-
cific type of brain lesions, neuropsychological profile, and differential diagnosis of mild cog-
nitive impairment/vascular cognitive impairment. The large number of patients included in 
the study and the relatively high price of MRI testing were the main impediments to acquir-
ing the needed neuroimaging. Along with this, the focus of our work is on primary detection 
(possibly during prophylactic medical visits) and initial screening for cognitive impairment 
as well as defining high-risk groups, which will benefit most from such a screening.
 
  Fig. 4.   Comparison of neuropsychological test re-
sults between the groups of hypertensive patients 
with risk factors and without. HIS = Hachinski 
Ischemic Score. 119
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